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Abstract 

Purpose Offshoring of pulpwood production outside 
Europe is more and more common, which increases 
transport distances and also changes production technolo¬ 
gies, raw material supply and energy production profiles. In 
this paper, we aim to compare the life cycle greenhouse gas 
emissions of pulp production from Finnish boreal hard¬ 
wood and from South American eucalyptus. Special 
emphasis was placed on analysing the contribution of 
transport to overall climate impacts. 

Materials and methods A life cycle assessment (LCA) was 
used as the system modelling tool. The impact assessment 
was limited to climate change. Finnish and South American 
industrial data were combined with data from LCA 
databases in the life cycle inventory (LCI). 

Results and discussion Based on the results, offshoring of 
pulp production would decrease the global greenhouse gas 
emissions of pulp production itself. However, transport to 
Europe outweighs the benefit even if transported by energy 
efficient ships. In this case study, transportation accounted 
for 27% of the life cycle greenhouse gas emissions of South 
American pulp shipped to Europe. 

Conclusions Outsourcing of biomass production offers 
opportunities for emission reductions. Such a conclusion 
may be valid if the distances between biomass production 
and upgrading processes were relatively short. However, 
this study reveals that the offshoring of biomass production 
contributes to a significant growth of transport emissions. 
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The trend of offshoring provides challenges for the 
implementation of emission trading since the responsibility 
of countries to transoceanic transport is still unclear. 
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1 Introduction 

The pulp industry in Finland has a very long history. Together 
with the paper industry, it plays an important role in the 
Finnish economy with 4% of GDP and 12% of export value 
connected to pulp and paper manufacturing (Seppala et al. 
2009). Currently, chemical pulp is not imported to Finland to 
a great extent. However, the production of chemical pulp 
from eucalyptus in South America is becoming increasingly 
popular, particularly for economic reasons. This may change 
the import/export ratio in the future. Production of chemical 
pulp in South America is dominated by Brazil. Brazil is the 
second biggest producer (and exporter) of chemical pulp in 
the world (FAO 2010). Production of chemical pulp in South 
America, as well as in Brazil, has been constantly and 
rapidly growing (Spinelli et al. 2009; FAO 2010). 

Globally, transportation is increasing as a result of 
offshoring the production of commodities. It is a result of 
relocating primary production further from upgrading 
processes. A considerable part of the environmental impacts 
caused by European consumption is currently occurring 
outside European boundaries (Peters and Hertwich 2008). 
For example, the tendency of moving pulp production 
towards fast-growing biomass reserves increases the off¬ 
shoring trend. 

Offshoring of European pulp production may potentially 
have an influence on climate change impacts. Therefore, 
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the aim of this study was first to compare the climate 
change impacts of current pulp production from boreal 
hardwood with production from eucalyptus. Secondly, we 
assessed what the climate impacts would be if a larger 
proportion of annual pulp demand in Finland was produced 
in South America and transported to Finland. The produc¬ 
tion volumes represent the year 2008. We put special 
emphasis on analysis of the logistics system in pulp 
production and distribution. We analysed the transportation 
patterns of pulp production in detail beginning with logging 
and ending with the shipping of pulp to a paper mill 
situated in Finland. For emission-intensive products, such 
as food, the share of life cycle emissions from transporta¬ 
tion is usually minor (Weber and Matthews 2008), but for 
heavy bulk goods such as wood products, it may have some 
influence on the overall result. 

If chemical pulp production gradually moved from 
Finland to South America, several future scenarios are 
conceivable. In this paper, we analysed a scenario in which 
an increasing amount of pulp is produced in South America 
and then shipped to Finland, where the paper production 
would remain situated. 

The moving of both pulp and paper production to South 
America, where paper would be imported to Europe, could 
be another possible scenario. In the last but not least likely 
scenario, paper production would also move outside of 
Finland but to China or India rather than South America. 
Finnish companies are currently investing in large state-of- 
the-art paper mills in China from where the paper could be 
imported to Finland and the rest of Europe. 

To predict the future is always challenging, but all of 
these alternatives will more or less increase international 
transportation. Of the scenarios outlined above, only the 
first was analysed, but it is appropriate to acknowledge 
them all. 

Our paper aims to answer the following questions: 

What was the cradle-to-gate impact of average Finnish 
and South American chemical pulp production on 
climate change in 2008? 

How significant would the impact of long-distance 
transoceanic transportation be on climate change in a 
scenario where South American pulp production and 
imports to Finland increase as Finnish pulp production 
decreases proportionally? 

1.1 Finnish pulp industry 

The Finnish pulp industry in 2008 was the sixth biggest 
producer of chemical pulp in the world with production 
exceeding 7 million ADt (air-dry tonne) of chemical pulp 
(FAO 2010). Europe's production in the same year 
accounted for 32.5 million ADt (FAO 2010). Therefore, 


the Finnish share of the European production was 22%. The 
world's production in 2008 was 130 million ADt (FAO 
2010) with Finland's share of the world's production 
representing 5.5%. 

Many other businesses and subcontractors are directly or 
indirectly connected to the pulp (and paper) industry in 
Finland. Pulp (and paper) mills are often core plants in 
industrial parks and zones (Pakarinen et al. 2010). This is 
mainly due to their capacity to produce surplus energy and 
heat which can be used by other businesses with low losses. 
Bio-based residues can also be used by other businesses, 
e.g. bark or sawdust. 

The raw material for pulp production is wood. In 
Finland, the pulp industry uses both softwood and 
hardwood (Metso 2010). In our analysis, we focus on 
hardwood chemical pulp only, particularly made from 
domestically supplied birch (Betula pendula, Betula 
pubescens). The Finnish pulp industry not only is supplied 
by domestically produced wood but also imports from other 
countries. The main long-term partner in industrial round- 
wood imports is Russia. 

In recent years, the Finnish pulp industry has been 
undergoing some structural changes. Some older pulp mills 
have been shut down in line with corporate strategy and 
economic considerations. Finnish forest companies have 
invested in pulp mills in Brazil and Uruguay, either 
individually or jointly with South American companies, 
and other mills are in the pipeline. The mills utilize the 
latest technology and are designed for a very high level of 
environmental protection. Domestic chemical pulp produc¬ 
tion in Finland remains at a high level, although in the 
future it is likely that more and more existing pulp 
production will be offshored. 

1.2 South American pulp industry 

According to FAO statistics (FAO 2010), production of 
South American chemical pulp doubled in the 10 years 
between 1998 and 2008, exceeding 18 million ADt of 
chemical pulp in 2008, and accounting for 14.2% of the 
world's production volumes. Over 55% of the production 
was exported. 

Brazilian chemical pulp production followed the trend of 
South American chemical pulp production. The production 
exceeded 12 million ADt of chemical pulp in 2008, which 
accounted for over 65% of the South American production 
of chemical pulp. Almost 60% of the production was 
exported. In 2008, Brazil was the second biggest producer 
of chemical pulp in the world. 

USA was the biggest pulp producer in 2008. Its 
production was more than three times larger than the 
Brazilian one (approximately 45 million ADt of chemical 
pulp; 35% of the world's production). 
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Chemical pulp in South America is produced almost 
exclusively from hardwood of eucalyptus ( Eucalyptus 
globulus , Eucalyptus grandis). Eucalyptus results in a more 
economical production of pulp since it grows fast, it is easy 
to harvest, it has advantageous fibre characteristics (fibre 
is short and lignin content is low) and it is easier to 
bleach. Eucalyptus grown in tropical areas is ready to be 
harvested for the pulp making process after just 7 years of 
growth (Stape et al. 2004), whereas birch needs more than 
twice as much time to grow into a sufficient volume. 
Eucalyptus plantations are easier to harvest than boreal 
forest as rationalized plantation grid structures make 
utilizing machinery possible to a greater extent. This 
contributes to faster production of wood, higher fibre yields 
and lower costs. 

In contrast to Finland, where the produced pulp is 
utilized by local Finnish paper production, South American 
pulp is mostly exported rather than upgraded locally. 


2 Materials and methods 

2.1 System boundaries 

Our scenario includes wood harvesting, production of 
chemical pulp and transportation (Fig. 1). In the scenario, 
two pathways were used—Finnish and South American— 
to fulfil the pulp demand of the Finnish paper production, 
which is, however, set outside the product system. At the 
beginning, only the Finnish pulp (100%) fulfilled the 
demand of the paper mill, and gradually, it was decreased 
by 20% at a time until the share of Finnish pulp was 0%. 
Every unit process also requires raw materials, chemicals 
and energy, which are included in the product systems. 

The scenario analysis was constructed as a cradle-to-gate 
life cycle assessment (FCA), only focusing on the climate 
change impact category. Flows of raw materials and pulp 
were linked to transport processes. All the processes, which 
are not directly linked to the pulp production, were 
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Fig. 1 The boundaries of the product systems (dashed line). Thick 
arrows represent the system's inputs and outputs. The amount of 
Finnish pulp was decreased from 100% to 0%, and South American 
pulp was increased from 0% to 100% respectively 


excluded in order to keep the dimensions of the system 
feasible. Cut-offs were especially applied to all the emission 
flows that do not affect climate change. Only main 
greenhouse gas emissions, i.e. carbon dioxide (C0 2 ), 
methane (CH 4 ) and dinitrogen monoxide (N 2 0), were the 
selected emission flows which were inventoried. 

Transportation was modelled using the well-to-wheel 
approach, i.e. infrastructure emissions were omitted. This 
cut-off was made to limit the extent of uncertainty in 
describing the road network in South America. Only 
emissions from fuel combustion and the manufacture of 
vehicles were therefore included. 

The functional unit was defined as an ADt of chemical 
pulp delivered to the paper mill in Finland. It was therefore 
assumed that only pulp production would be relocated, and 
paper mills would remain in Finland. 

The analysis was constructed as a comparison of current 
state-of-the-art current pulp production technologies in 
South America with pulp production in Finland. An 
attributional FCA (IFCD 2010) was used for modelling. 
However, the possible direct effects of increasing eucalyp¬ 
tus demand and decreasing boreal pulpwood demand on 
society and the environment were not included due to the 
focus of the analysis on production technology and 
transportation. This limits the use of the results for decision 
making, but allows an identification of the main differences 
between the two production systems and the potential 
increase of transport emissions. 

One of the main environmental impacts of transport is 
considered to be its impact on climate change (EEA 2010). 
Therefore, the analysis was limited to a quantification of 
climate change impacts. 

2.2 Data collection 

Volumes of the main raw material (wood) and process 
chemicals in Finnish pulp production are based on data 
obtained from Finnish mills and reference documents 
(Vasara et al. 2001). For South American mills, expert 
judgments were also used. Average electricity production 
data for Brazil and Finland were obtained from the 
Ecoinvent database v.2.2 (Ecoinvent 2010). 

The following transport processes were studied in detail: 
the transport of logs from the logging site to a pulp mill, the 
transport of air-dry pulp from the pulp mill to a paper mill 
and the transport of process chemicals from the manufac¬ 
turer to the pulp mill. Wood transport distances and the 
delivery distances of chemicals from companies were 
acquired, both for Finland and South America. The 
transport distances of pulp transport were calculated based 
on information obtained from sustainability reports for 
major pulp mills located in South America. The findings of 
Dahlbo et al. (2005) and the Ecoinvent database (Ecoinvent 
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2010) were used as a source of inventory emission data for 
transportation vehicles and vessels. 

2.3 Calculation method 

The matrix-based life cycle inventory method implemented 
in a spreadsheet was used to construct the product systems. 
The method was first introduced by Heijungs (1994) and 
further described by Suh and Huppes (2005). It operates 
with a set of linear equations which describe the analysed 
system. This approach allowed us to model the analysed 
system in detail. The method is also well suited for 
modelling various transport solutions. 

In order to calculate the climate change impacts of the 
system, we focused on an inventory of three major 
greenhouse gas (GHG) emissions. The flows of fossil 
carbon dioxide (C0 2 ), methane (CH 4 ) and dinitrogen 
monoxide (N 2 0) were quantified. Their characterization 
factors for the impact category climate change are 1, 25 and 
298, respectively (IPCC 2007). Biogenic GHG emissions 
were not taken into account. 

The life cycle of chemical pulp was divided into the 
following life cycle stages: 

- felling; 

production of chemicals (including make-up chemicals); 
production of chemical pulp; 

transport (including logging as well as supply of 
chemicals); and 

- production of electricity. 

The end-of-life stage of paper was excluded from the 
calculation. 

2.4 Life cycle inventory of pulp mills 

Pulp mills can generally be classified as integrated and non- 
integrated. The integrated pulp mills are located within 
larger industrial units, often interconnected with other 
industrial processes (most commonly with paper produc¬ 
tion, power plant or heat-generating plant). Non-integrated 
pulp mills, on the contrary, are not connected to other 
industrial processes (except heat or power generation). 
Finnish pulp mills do not use exactly the same production 
technology. Typically, several pulps are in production, with 
chemical pulp in the forefront. Assessing average climate 
change impacts for the Finnish pulp was therefore rather 
challenging task. 

The focus of this study was on non-integrated pulp 
mills. The principle and technology used in South 
American chemical pulp mills is basically the same as 
in non-integrated pulp mills in Finland. However, there 
are minor differences between them. The main difference 
is, of course, the raw material which is eucalyptus 


roundwood. Due to the physicochemical properties of 
eucalyptus, the delignification process of the wood is 
easier, and therefore, less organic residues are generated. 
Higher yields in eucalyptus cooking will result in less 
energy out from the recovery process than in the case of 
birch cooking. On the other hand, lower production of 
bio-waste results in a lower potential for generating 
power or heat. 

The pulp process requires a lot of chemicals (Table 1). It 
was recorded that South American mills use the same 
chemicals with approximately the same volumes. However, 
the use of bleaching chemicals was reported to be 10% 
lower in South America than in Finland (easier delignifi¬ 
cation of eucalyptus). 

Replacing chlorine-based bleaching chemicals with 
hydrogen peroxide, oxygen or ozone improved environ¬ 
mental performance of pulp mills and enabled a full 
recovery of process chemicals, e.g. burning black liquor 
(Rousu et al. 2002). 

2.5 Crediting of surplus electricity 

In addition to the pulp product, the process of pulp making 
generates surplus energy from the combustion of black 
liquor. The black liquor (spent cooking liquor) contains 
inorganic cooking chemicals and lignin. The content of 
lignin in wood is approximately 50% (less than 50% in 
eucalyptus wood). The black liquor is commonly burned 
during the recovery process. The aim is to recover cooking 
chemicals and also energy (Saviharju 1993; Soares et al. 
2001). We assumed that the model state-of-the-art pulp 
mills produce enough electricity for their own operations by 
burning black liquor (Fibria 2010) and biological residues, 
like bark and sawdust (Sokka et al. 2011). According to the 
LCA principals, surplus electricity was credited to pulp 
production by using system expansion and assuming that 
average grid electricity production was replaced (Pakarinen 
et al. 2010; Fibria 2010). 


Table 1 Inventory of the main inputs of chemical pulp production in 
Finland and in South America, per 1 ADt (Koponen 2010, Keskisaari 
2010, Vasara et al. 2001) 




Finland 

South America 

Chemicals (kg/ADt) 

NaOH 

35 

35 


NaC10 3 

39 

35 


NaCl 

21 

19 


0 2 

35 

32 


H 2 0 2 

8 

7 


h 2 so 4 

20 

20 


CaO 

10 

10 

Wood (m 3 /ADt) 


5.2 

4 
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In Finland, the amount of electricity supplied to the grid 
was estimated to be 12% of the pulp mill’s total electricity 
production. In South America, it was assumed that less 
surplus electricity is available due to the lower lignin 
content of eucalyptus wood and the lower generation of 
biological residues (i.e. 10% of the total electricity 
production is sold to the grid) (Keskisaari 2010). This 
applies to a pulp mill where chlorate is not made on-site but 
is produced elsewhere. If chlorate was produced on-site, the 
surplus electricity would be consumed during the process. 

2.6 Transportation 

Logging in Finland often takes place in large remote areas. 
This results in longer transport distances of wood. The 
average domestic logging distance was reported to be 
200 km (Keskisaari 2010). The logistics network of wood 
supply in South America is different from the Scandinavian 
one. In general, distances for wood supply are shorter in 
South America than in Finland due to a different type of 
forestry known as plantation forestry. Eucalyptus planta¬ 
tions are planted relatively close to pulp mills. The average 
transportation distance from a plantation to a pulp mill was 
assumed, based on industrial data, to be 75 km on average. 

In Finland, wood is transported by road, rail and water. 
For the purpose of our analysis into only road transport was 
taken into account due to the availability of data and to 
avoid underestimation of emissions. The emission intensity 
of a logging truck was sourced from Dahlbo et al. (2005). 
For South American logging, the emission intensity was 
increased by 25% based on a presumption that the truck 
fleet in South America would have a lower environmental 
performance (Pinheiro 2003). 

In the case of South America, chemical pulp is trans¬ 
ported from the pulp mill by trucks to a river terminal, 
transferred on river barges and transported to a major port. 
There the pulp bales are transferred on transoceanic freight 
ships. The logistics system was modelled on the basis of a 
real pulp mill in South America. 

3 Results and discussion 

3.1 Climate change impacts of average pulp production 

We identified the manufacturing of process chemicals as the 
life cycle stage with the highest potential impacts on climate 
change (Table 2; Fig. 2). The second most important life 
cycle stage is the production of pulp itself. Cradle-to-gate 
global warming potentials of South American eucalyptus 
pulp and Finnish hardwood pulp were 422 kg C0 2 -eq./ADt 
and 441 kg C0 2 -eq./ADt, respectively. Harvesting and 
transportation have a less significant impact on climate 


Table 2 Climate change impacts of 1 ADt of chemical pulp produced 
in Finland, produced in South America and produced in South 
America and imported to Finland 


Climate change 
impact (kg C0 2 -eq.) 

Finnish 

pulp 

South American 
pulp 

South American pulp 
imported to Finland 

Felling 

40 

29 

29 

Chemicals 

244 

232 

232 

Production 

172 

154 

154 

Transport 

34 

18 

18 

Transoceanic 

0 

0 

132 

transport 

Electricity 

-48 

-12 

-12 

Total 

441 

422 

554 


The rows represent different life cycle stages in pulp production 


change compared to the production of chemicals and pulp. 
Compared to Finnish production, South American produc¬ 
tion has several benefits. The emissions of all processing 
stages are lower than in Finland. Felling is less energy 
intensive, transport distances are shorter, fewer chemicals 
are needed and the emissions of pulp production are lower. 
Even though less heat and electricity are generated by by¬ 
products, the overall balance favours production from 
eucalyptus. However, transportation of pulp from South 
America to Finland changes the overall picture. Emissions 
from transoceanic freight transport are almost as high as the 
production of pulp. Although the specific emission factors 
(per tonne-kilometre) for ocean vessels are lower than those 
of other transport vehicles, the distance between South 
America and Finland (over 11,000 km) makes the differ¬ 
ence. The transport of eucalyptus pulp from South America 
to Finland would increase its GHG emissions by over 31%. 


250 



Filing Chflimicals Froducti&n Transport Electricity & 

heat 


Fig. 2 Climate change impacts of producing 1 ADt of chemical pulp, 
for each life-cycle stage (in kg C0 2 -eq.). Black columns represent 
Finnish pulp, grey columns represent South American pulp and light 
grey columns represent South American pulp imported to Finland 
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3.1.1 Climate change impacts of transportation 

Operational GHG emissions of the different means of 
freight transport per tonne-kilometre (tkm) differ. The 
lowest GHG emissions per 1 tkm are emitted by ocean¬ 
going vessels, followed by heavy duty trucks, river barges, 
logging trucks in Finland (Ecoinvent 2010; KCL 2008; 
Dahlbo et al. 2005) and logging trucks in South America. 
GHG emissions of ocean-going vessels are approximately 
25% of the heavy duty truck. 

Overall, the contribution of transportation to climate 
impacts was considerably higher than what could be 
expected from other studies (Weber and Matthews 2008). 
For the pulp produced in Finland, it accounted for 8% of 
the total climate change impacts, for pulp shipped from 
South America, it accounted for 27%. If the share of 
offshored pulp increases, the emissions from transoceanic 
freight transport will grow. This poses a problem for climate 
mitigation since currently no country takes responsibility 
for international freight transport. In this case, offshoring 
would be seen as a decrease in emissions for both Finland 
and Brazil, but the actual global GHG emissions would 
increase. Therefore, it is important to focus research 
activities on the quantification of maritime emissions 
(Schrooten et al. 2009). 

Nevertheless, the first measures to address the issue of 
transoceanic freight transport have already been taken. In 
the EU, a new emission-limiting policy for sea transport has 
recently come into action (DG Environment 2011). 

3.1.2 Future scenario 

If all chemical pulp production was relocated to South 
America the overall impact on climate change from felling, 
manufacturing of chemicals and pulp production would 
diminish by less than 1%. The credit from electricity 
production would decrease by 75.5%, and at the same time, 
transportation emissions would increase by almost 350% 
(Table 3). The climate change impacts would increase by 
25% if pulp was imported from South America to Finland 
(Fig. 3). 


4m 
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Fig. 3 Shift in climate change impacts of annual chemical pulp 
production in 2008 for pulp upgrading in Finland if Finnish pulp is 
gradually substituted by South American pulp 


3.2 Limitations of the approach 

The study was constructed as a comparison of two existing 
systems based on average data. Using the prevailing 
terminology of LCA, the comparison was an attributional 
accounting situation for two alternative production systems 
(ILCD 2010). Therefore, the results cannot be used to 
predict what would happen if the trend would continue. 
For example, what would happen to the boreal forest 
biomass, which is no longer used for pulp making? 
Would it be used for fuel or left standing as carbon 
storage? Would the increased pressure on tropical forests 
increase deforestation? Answering these kinds of ques¬ 
tions would require a consequential LCA approach 
(Ekvall and Weidema 2004) and was outside the scope 
of this study. 

Many features of pulp production, such as the difference 
between integrated and non-integrated pulp mills among 
others, could not be included in this study. The case study 
focused on non-integrated pulp mills only. 


Table 3 Climate change 
impacts of annual chemical pulp 

Climate change impact (kt C0 2 -eq.) 

Percentages of South American chemical pulp imports to Finland 

production in 2008, per life 
cycle stage and level of import 



0% 

20% 

40% 

60% 

80% 

100% 


Life-cycle stages 

Felling 

299 

283 

267 

252 

236 

220 



Chemicals 

1,838 

1,820 

1,802 

1,784 

1,766 

1,748 



Production 

1,292 

1,266 

1,240 

1,215 

1,189 

1,161 



Transport 

253 

429 

605 

781 

957 

1,133 



Electricity 

-364 

-309 

-254 

-199 

-144 

-89 

Values in kt of C0 2 -eq. 


Total 

3,318 

3,489 

3,661 

3,832 

4,003 

4,175 
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The acquired data, especially concerning logistics and 
Finnish pulp production, were in general of good quality. 
Some uncertainty is associated with the process specific 
data for South American pulp mills. However, to avoid 
uncertainty in primary data, industrial experts familiar with 
both South American and Finnish pulp production were 
interviewed. 

Using average LCI data has an effect on representative¬ 
ness of results. In our study, generic inventory data of 
chemical manufacturing were used in the calculation since 
the focus was primarily on transport and secondarily on 
pulp manufacturing. Manufacturing of chemicals is energy 
intensive, and therefore, the energy production profile plays 
a significant role in their inventory data. If the focus of the 
study had been primarily on pulp production, specific 
inventory data for chemicals, or sensitivity analysis, would 
have been required. 

4 Conclusions 

The Finnish pulp and paper industry is facing many 
challenges in the forthcoming years. Real future trends in 
pulp and paper manufacturing are still unknown. Relocation 
of pulp production near to profitable raw material is 
naturally very tempting. The offshoring process includes 
both advantages and disadvantages in terms of climate 
change impacts, of which the most significant are related to 
the various impacts of eucalyptus plantations and increasing 
international transport, particularly transoceanic transport. 
The main environmental impact from ship transport is 
greenhouse gas emissions. 

The comparative results of Finnish and South American 
pulp production indicate that impacts on climate change 
from chemical pulp manufacturing in Finland are poten¬ 
tially slightly higher than similar activities in South 
America. The main reasons are the recently built South 
American pulp mills utilizing the newest technology and 
the superior raw material harvested closer to production. On 
these grounds, we could conclude that the relocation of 
pulp production to tropical regions has the potential to 
decrease the greenhouse gas emissions of pulp manufac¬ 
ture. However, LCA proved that impacts on climate change 
from the transport of South American chemical pulp offsets 
the benefits related to the production of pulp in South 
America. Sea transport is the key contributor to the 
increased climate impacts. 

Although the business decisions are still to a great deal 
based on economic issues, the environmental impacts are also 
a concern of society and companies. This study utilized the 
concise attributional LCA methodology for a future overview, 
but real decision making needs a consequential LCA 
considering many other impacts then just climate change. 


Based on this study, we can, however, conclude that long 
transport distances play a significant role in the overall 
assessment. As long as oceanic transport is cheap relative to 
production costs, transoceanic transport of bulk commod¬ 
ities such as pulp remains a viable alternative. More 
research on improving the global logistics of bulk com¬ 
modities is needed to mitigate the risks of increasing 
transoceanic transport emissions. 
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